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W098/27269 PCT/US97/23216 
TREATMENT PROCE^^S FOR CELLULOSIC FIBERS 



Background of the Invention 

Field of the Invention 

The present invention relates to a process for treating celluloslc fibers. The 
cellulosic fibers prepared from such a process may be used to prepare a handsheet or 
other stmcture that may be used in a disposable absorbent product Intended for the 
absorpfion of fluids such as body fluids. Other possible applications of these fibers . 
Include various disposable paper products such as tissue and towel. 

pe <scriDtion " f tha Related Art 

Cellulosic fiber^ are well known and are used in a wide variety of applications. 
However, natural or generally untreated cellulosic fibers have been found to generally hot 
provide a level of perfonnance that is desired in certain applications such as the 
absorption or handling of fluids such as body fluids. As such, it is often desirable to 
inc(«ase the liquid absorbent capacity or the resiliency of the cellulosic fibers being used 
in such applications: Thus, for some applications, it has been recognized Uiat the 
cellulosic fibers being used should first be structurally modified in order to improve the 
performance of such modified fibers in a particular application. 

One known method for modifying cellulosic fibers is to chemically crosslink the 
cellulosic flbere. In general, a. chemical crosslinking agent is added to either a solution 
containing celluloslcfibers or to swollen cellulosic fibers. The chemical crosslinking 
agent is then allowed to fOmi crosslinks either wittiln an individual cellulosic fiber or 
between separate cellulosic fibers, '^uch processes inherehtly result in ttie use of a 
separate crossnnking agent thereby Increasing the costs of manufacturing the chemically 
crossHnked ceiyosic fibers. Additionally, the use of certain crosslinking agents typically 
requires specialized handling procedures, further Increasing the costs of manufacturing, 
and potentially limiting the applications for which tiie chemically crossHnked cellulosic 
fibers may be used. Anottier disadvantage concerning tiie use of chemical crosslinking 
agents is tiiat they are often based on chemicals such as aldehydes which exhibit certain 
degrees of toxicity. 

A variety of chemical treatments of cellulosic fibers are also known. An example of 
a well known chemical treatment of cellulosic fibers is a mercerization process wherein 
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. ♦vmirfliiv 'iodium hydroxide under suitable conditions to 

v*h additional reagente. ^A^icaiiy treating MlMosic fibers typically 

been ganerall, recogntzad thai « o.d« to ^ ^ ^ 

'^^^^'""^"''^^^^alow^s.ancy.Suoh processes there^ 
c^Moslcflbarspresantnme^^^enta^ 

generally result in the use more of the SON ^^^^^ 

. Another known method for modW ..^,^g-,Dtocess Is wherein the 
ceMosicflhers. One example o, such a n»cha™«.|«a.m«*^^ 

eenuloslcfn^rs are su«ected to a high ^""-^^^^^^ 
t^orcurtedcelluloslCihers. of 
^ner^re^ulretheuseof.— 

««„y, thereby ,ncreas.g '^^ "^^'^^ ^ ^„ „^„ed on., by m.*«.lcal 
T'''^C^rm^^rmod.ca*.lsgene.l.no..^s„«<^«<' 

:rrr:::us.--ahso,be.s.ct^s..*gmor.pc.»«,or 

», ^^obledofthepresentlnventlontoprovldeaprocesaforthe 

"^ t^ltl process IS mMmlzed or completely eWnated. 

^„g«« •'"r''»;^^„,^„,^„„^ p^vlde a process forthe p^paratlon 
tthalso anol^of Ihepresant^ „nifo,n„y,r.««L 

»''-»-=*°'^,r;r^C^Mopro,.eap™cessfor.«P^ 
. j:rrr:r7.n^".V-educe.ecos.ofmanu.ac^ 



It is also an object of th pres nt invi^Dtion to prepare modified cellulosic fibers that 
exhibit improved liquid handling properties as compared to untreated celiuiosic fibers. 

Summary of the Invention 

The pres nt invention concerns an effident and effectiv manner for treating 
cellulosic fibers as well as the treated cellulosic fibers prepared from such a process. 

One aispect of the present invention concerns a process for treating cellulosic fibers 
wherein the cellulosic fibers are treated using steam explosion that is effective to result in 
modified cellulosic fibers that exhibit desired properties. 

One embodiment of such a process for treating cellulosic fibers comprises steam 
cooking cellulosic fibers in direct contact with saturated steam at a superatmospheric 
pressufB and a terfiperature within the range of about 1 30^ to about 250''C, and then 
subjecUng the cellulosic fibers to explosive decompression to give modified cellulosic 
fibers that exhibit a Curl Ihdek value that is greater than about 0.2. 

In another aspect, the present invention concerns the modified celiuiosic fibers 
prepared by the pVocess disclosed herein. 

One embodiment of such an aspect of the present invention Is modified cellulosic 
fibers that exhibit a Curl index value that is greater than about 0.2 that are prepared by a 
process corhprisirig steam cooking ceilulosk: fibers in direct contact with saturated steam 
at a superatmospnenc pressure ana a lempeictujie wiumi uw lanyo ui cauuuL iu 
about 250°C, and then subjecting the cellulosic fibers to explosive decompression. 

In ianother aspect, the present invention concenrts an absorbent structure 
comprising modified cellulosic fibers prepared by the process disclosed herein. 

One embodiment of such an absorbent structure is a handsheet comprising the 
modified cellulosic fibers prepared by the process disclosed herein, wherein the 
handsheet is prepared by a wet-laid process: 

Detailed Describtion of the Preferred Embodiments 

It has been discovered that, by using a steam explosion process for treating 
cellulosic fibers, and by using appropriate treatment conditions, modified cellulosic fibers 
exhibiting desired properties may be prepared by an efficient and effective process. 

A wide variety of cellulosic fibers can be employed inihe process of the present 
invention. Illustrative cellulosic fibers include, but are not limited to, wood and wood 
products, such as wood pulp fibers; non-woody paper-making fibers from cotton, from 
straws and grasses, such as rice and esparto, from canes and reeds, such as bagasse. 
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fton, bamboos, fom, ^ v«th bast flberf:»ich as Jute, flax, kenat, cannabis, imen and 
^ and from l«*fib«s. such as abaca and sisal. It is also possible to use mMum. of 
on orn»»crtlulosicflbe«. SuitabI,, the «llulcsic fiber used is from a wood soun* 
suitable wood sources hduda softwood sources such as pines, spmces, and firs, and 
hardwood sources such as oaks, eucalyptuses, poplars, beeches, and aspens. 
AS ^ •.•rein, the tern, fiber- or Hbrousr is meant to refer to a particulate 
whe«in the length to diameter ratio of such particulate mateKal is sreater than 
abouttO. Corwe.s.l,,."nonfiber-orWib.ous-malerialismeanttoreferloa 
partcUate mat«lal wherein the length to diamMer ratio of such parttarlate matenal ,s 

about 16 or less. ..i a ^ 

K is g««.ally desired that «» celluloslc fibe.» used herein be wettable. As used 
he«h«».am,S«..able'ismeanttomfertoafiberormaterialwhlche*b^^ 

air contact angle of less than 90-. Suitably, the cdluteslc fibers useful in the present 
,nven«onexhlbitawa.erH air c^tactanglebet^en about 10' to aboutSO- andn»« 

Lb„ bew«e„ about 20. t, ab^t 30-. Sult,«,, . w«..bl. «b.r r-ers to . «benM,^ 
exhibit5awaterinalrcontactanflleotlessthan80-,alatempe.«urebetwe.naboutOC 

and about iOO-C, and suitably at ambient conditions, such as about 23^:. 

Suitable celtosic fiber, aiB those Which are nat«ll, wettable. However. natun% 

nonwettabie flber. can also be use* It U possible to IreM the fiber ««fac» 

... . ... .u « «r toee wettable. When surface treated fibers 

appropriate metnoa to renowi uioi.. 

are employed, the surface treatment Is desirably norrfuaWve: that is. the surface 
treatment desirably does not wash Off the «,.fac. of the fiber wim the first r«^W inst* 

contact. For the purposes of this application, a surface treatment on a generaH, 
nonwettabl. fiber will be considered to be nontOgWv. when a mejodt, of the flb«s 
demonst^te a water in airconta^ angle of less than 90- forthree conseaitve contect 
angle measurements, with d^ng be^n each measurement fhatis, *e samefl^a 
eublected to *re, separate conUct angle d««m.na.lon. and, ""^ 
anjle detemrh^ns in<r«te a contact angle of water in a^ of less than *e su.^ 
,„atmen.onmeflberwiiibecons,deredtobenonfugi.ive.lfthesufacet,aatme.i.» 

n^. the surface treatment w.i tend to wash off of the ,ber duhng *e «st 
anglemea^rremen. thus expo^nglhenonwettabl, surface oftheunde^nngSber^ 
wi.aemon...3..subse<,uentcontactangiemeasurememsg,ea.er.han90-. Baneflaal 
wettability agents include polyalkylene glycols, such as polyethylene glycol.. ^ 
wetUbility.gentlaused^anamoun.compnsin9benefldallylesslhanab««5w^ 

pe«»nt. sultabl, less than about 3 weight percent, and more suitably less than about 
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2 weight percent, of the total weight of thtfJIber. material, or absorbent structure being 
treated. 

Inth present invention. It Is desired that the cellulosic fibers be used In a form 
wherein the c llulosic fibers have already been refined Into a pulp. As such, the 
cellulosic fibers vwH be substantially in the form of individual cellulosic fibers although 
such Individual cellulosic fibers may be in an aggregate form such as a pulp sheet The 
current process, then, is in contrast to known steam explosion processes that generally 
treat cellulosic fibers that arB typically in the form of virgin wood chips or the like. Thus, 
the current process Is a post-pulping, cellulosic fiber modifying process as compared to 
known steam explosion processes that are generally used for high-yield pulp 
manufacturing or waste-re<vcle processes. 

The cBlliilosIc fibers used In'the steam explosion process are desirably low yield 
cellulosic fibers. As used herein, low yield" cellubsto fibers are those cellulosic fibers 
produced by pulping processes beneffclally providing a yield of about 85 percent or less, ■ 
suitably of about 80 percent or less, and more suitably of about 55 percent or less. In 
contrast "high yield" ceiyosic fibers are those cellulosic fibers produced by pulping 
processes beneficially providing a yield of about 85 percent or greater. Such pulping 
processes generally leave the resulting cellulosic fibers with high levels of lignin. 

in the process of the present Invention, It has been discovered that the use of 

. . -.1 C ceXs.-i m/tHVu r>alll lln«ic fShprS such that 

steam explosion aione csin ob buniMciu w w>vs^i^,f t 

the modified cellulosic fibers exhibit desired properties, partteularly desired, liquid 
absorbency properfies. In general, it is desired that the cellulosic fibers are cooked In a 
saturated steam environment that is substantially free of air. The presence of air In the 
pressurized cooking environment may resuR in the oxidation of the cellulosic fibers. As 
such, it is desired that the cellulosic fibers are cooked in a saturated steam environment 
that beneficially comprises less than aboiit 5 weight percent, suitably less than about 3 
weight percent, and more suitably less than about 1 weight percent of air, based on the 
total weight of the gaseous environment present in the pressurized cooking environment 

The Individual cellulosic fibers are steam cooked at a high temperature and at a 
high pressure. In general, any combination of high pressure, high temperature, and time 
which is effective in achieving a desired degree of modification, v^thout undesirable 
damage tb the cellulosic fibers, so that the cellulosic fibers exhibit the desired liquid 
absorbency properties as described herein, is suitable for use In the present Invention. 
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General^. , me M>«^ use. isloa^, «»™ «« not be a «">«^ "T;^ 

r* a,aflen«3lrute,«,ecenuiosl=«be,.»«llbet,ee«data«mpe»tu««Wn« 
^C^sib.,.™mabou.t60-C»abou.226-C.en..os.suH3b.»omabou. 

p™«ur.averato.pedod«im>n«,eran,.a,from=b<^ai """'^''/^ ' 

,he Shorter me parted of «me generall, neeessa™ to achieve a des^ degree of 

Of L ceButosfc f««a. As such, » ma, be possible to achieve essen^ally 

""r::xz::r:r^.-v.notbeas.bs.an.,an.or 

!^ldU.ooh.,h,*.ubs.an«.ld..»da.onof.hecalMos.c.lbe.,na,o»,r 
pressure used « B «*wted bv Ihe crossllnked celluloslc fibers. 

:::;loc..e.abov.no,n.a.no.ph-.p«-^^ 
Jm about 40 to abou.405 pouhds per s^are Inch, s»tab., from about 40 to about 230 
";s,uar.lnch.endnK«.*b,,,cm.bou.».o.bou.230po^ 

""MTsedherel„,-cons«e„=,-ls,«««.o«^-'Heco„cenba^ 

„,e,s presents an aqueous n*du,. As such, the consistence.! be p«.ent«l as a 

Iht P^n repreLn, «,e we„« amount of the »«t-os.oflbe« P^sentm an 

:rusIu;d..edb,.heto..we,h.a^o,ce.u.s.«bersandwa.erp-esent 

»,eltherad,yorawetstate. H^ver,Kmaybede«iabletoprepam.na<»«ou. 
r"Zsln,thece.u,o.cf.erswl«r=..e.,u.o„smMur..^ 
*nded ,0 effedlvely disperse the ceMoslc f««rs tl»ughou. the water in o™^ 

:^JLo,thep«sen.invent.onr*lsdesired«,a,lhece,uWc«b.,,b.st^ 



eaoksd when the cellulosic fibers are in the form of aqueous pulp mixture that beneficially 
has a consistency of between about 10 to about 100 weight percent, suitably betwe n 
about 20 to about 80 weight percent, and more suitably between about 25 to about 75 
weight percent cellulosic fibers, based on the total weight percent of the aqu ous pulp 

mixtur . 

The cellulosic fibers are typically mix d with an aqueous solution benefldaily 
comprising at least about 30 weight percent water, suitably about 50 weight percent 
water, more suitably about 75 weight percent water, and most suitably 100 weight 
percent water When another liquid is employed with the water, such other suitable 
liquids include methanol, ethanol. isopropanol. and acetone. However, the use or 
presence, of such other non-aqueous liquids may impede the fomriatlon of an essentially 
homogeneous mixture such that the cellulosic fibers do not effectively disperee into the 
aqueous solution and effectively or uniformly mix with the vvater. Such a mbcture should 
generally be prepared under conditions that are sufficient fpr the cellulosip fibers and 
water to be effectively mixed together. Generally, such conditions wiU include using a 
temperature that is between about 10*'C to about 100«C. . ^ 

In general, cellulosic fibers are prepared by pulping or other preparation processes 
In which the cellulosic fibers are present in an aqueous solution. For use in the steam 
explosion treatment of the present inver^tion, therefore, it may be possible to use an 
aqueous solution directly from such preparation processes without having to separately 

recover the cellulosic fibers. 

After steam cooking the cellulosic fibers, the pressure is released and the cellulosic 
. fibers are exploded Into a release vessel. 

The equipment or method used to treat the cellulosic fibers with steam explosion is 

generally not critical. Suitable equipment and methods for steam explosion may be 

found, for example, in Canadian Patent No. 1.070.537, dated Jan. 29, 1980; Canadian 

Patent No. 1,070,646, dated Jan. 29, 1980; Canadian Patent No. 1,119,033, dated Mar. 

2. 1982; Canadian PatentNo. 1.138.708, dated Jan, 4. 1983; and US Patent 5.262.003. 

issued November 16, 1 993, all of which are incorporated herein in their entirety by 

reference. 

The steam explosion process generally causes the cellulosic fibers to become 
modified. Without intending to be bound hereby, it is believed that the steam explosion 
process causes the cellulosic fibers to undergo a curling phenomenon. The steam 
exploded cellulosic fibers. In addition to being modified, have been discovered to exhibit 
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i.„p™ved properties »>at mete such steeA exploded ceUulosic fibers sultebl. for us. m 
Hquldebsoiption or liquid handling epplications. 

Cenuloslc fibers suitable for use in the present invention are generally vrthout a 
substantial amount of cud prior to the steam explosion process. After such ^am 
explosion p««.ss. the treated ceilulosic fibers »lll generally exhibit a des,red level o, 
^curt. A.such,.h.p»c...ofth presentinven,^ngen„3,lydoesnotre,.,ethe 
use .|iS,i««-.a»«.*»» Wc--aile<««. during the steem explosion .mxess 
or any post-t^atmem steps after the steam explosion of the fibers to achieve the des»ed 

in one embodiment of the present Invention, the ceilulosic fibers - be considered 
to beeffecuvely t^ied by the steam explosion process when the ce»uloslcflbe« exh>b* 

an effective Wet Ciol value. ,^„„,i 

The curi of a fibSr ma, be quantified by a cuH velue «hich measures the fiactonal 
shorter^Wof aflberie to Wni^ t«tei. and/or bends inthe fiber. For the purposes of 
«,i,inv.ntion.afibertcurivalueismeasu.edlntem,sofa.wddimenslon^^^^^^ 
Imtm^ b, v^ me fiber m a t«o dimensional plane. To deten^lne me curi v ^e 
of a fil>er, the prajeeted length of a fiber as the longest dimension of a t«o d,mens,onal 
,«.an,ie encompassing the fiber, I, and the ac^al length of the fiber,^U are boe, 
measld. An image afia^si. method ma, be used to measure Land.. A ««table 

•.i^~<!i<iiscr">~<i"iis Patent4.898,e42. Incorporated herein in Its 

equation: 

Curl Value =(Lfl) -1 

Depending on ihe nattre the curt of a ceuulbslc fiber, such curt ma, be stab^^ 
v*enthecelluio*'fiberi.d.,bu.maybeunstablev*enth.ce«ulosicfibe,lsw^^ 

ceilulosic fibers prepa.«l accord*,, to the prices, of the present Invention have been 
ldtoexhibKasubs.antia«ysta«efibercurtwhe;.*et Thisp«p«tyof t^».lulo^ 
fibe,sma,bequantifiedb,awetcurivau,e,a,measuredac«onjlnfltothetestmel.»d 

.esolbed herein, v^icH Is a lengm lighted me«, oirt averege of . d«^n-ed number 
offibers, s^ as aboutWfromaf^ sample. AS such, the WetCudva^ue^m. 

summauonofthe individual vvetcurivalues.or«.chfib«multipliedb, the fib«'sac,u-^ 

tenglh L, divided bymesummationoftheacluallengthsoflh.fiber.. It is hereby not«i 
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that the Wet Curl value, as determined herein, is calculated by only using the necessary 
valu s for those fibers >vith a length of greater than about 0.4 millimeter 

As used herein, the cellulosic fibers will be considered to be effectively treated by 
the steam explosion treatment when the cellulosic fibers exhibit a Wet Curl value that is 
greater than about 0.2, beneficially between about 0.2 to about 0.4. more beneficially 
between about 0.2 to about 0.35, suitably between about 0.22 to about 0.33, and suitably . 
between about 0.25 to about 0.33. In contrast, cellulosic fibers that have not been 
treated generally exhibit a Wet Curl value that is less than about 0.2. 

After the cellulosic fibers have been effectively steam exploded, the treated 
cellulosic fibers are suitable for use in a wide variety of applications. However, 
depending on the use Intended for the treated cellulosic fibers, such treated cellulpsjc 
fibers may be washed with water. If any additional processing procedures are planned 
becausei of the specific use for which the treated cellulosic fibers are Intended, other 
recovery and post-treatment steps are also well loiown. 

The cellulosic fibers treated according to the process of the present invention are 
suited for use In disposable absort)ent products such as diapers, adult incontinent 
products, and bed pads; in catemenlal devices such as sanitary napldns. and tampons; 
other absorbent products such as wipes, bibs, wound dressings, and surgical capes or 
drapes; and tissue-based products such as facial or bathroom tissues, household towels, 
wipes and related products. Accordingly, in another aspect^ the present invention relates 
to a disposable absorbent product comprising the cellulosic fibers treated according to 
the process of the present invention. 

In one embodiment of tiie present invention, tiie treated fibers prepared according 
to the process of the present invention are formed into a handsheet which might 
represent a tissue-based product Such a handsheet may be formed by eitiier a wet-iaid 
or an air-laid process: A wet-laid handsheet may be prepared according to the method 
disclosed in the Test Methods section herein. 

it has been discovered tiiat a wet-laid handsheet prepared from the treated 
cellulosic fibers prepared according to tiie process of tiie present invention may exhibit a 
density ttiat is lower tiian a wet-laid handsheet prepared from cellulosic fibers that have 
not been treated according to the process of the present invention. 

It has also been discovered that a wet-iaid handsheet prepared from the treated 
cellulosic fibers prepared according to the process of tiie present invention may exhibit a 
liquid wicking time that is faster ttian a wet-laid handsheet prepared from cellulosic fibers 
that have not b en treated according to the process of the present invention. 



98/27269 

ha. also b en discovered that a v<et-!^d handsheet prepared ftom the treated 
c-yosicfit-rsprepared according to theprocess of the preser-tlnvention^^^ 
MdwWdn9«ux.hat1.Wgher«hanaw.t.Uidhandsh...pr pared from celMo»=«»r. 
tt«,havenotb«.t,eatedacco«lingtotheprocessofthepresentinven«oa 

It ha. al«, been dlscovemd that a «el.lald handsheet prepared from the tmeW 
celKJosIc «^ prepare. a=ccr*,0 to me process of me present inven«on ma, 
an inoeased bulk and higher absorbent capaciV man a wet-laid handsheet prepared ■ 
from cdlulosto ,««,. th« have no. be«, treated acco,x«ng to m. p^cess of me present 

'"Tonee,r*«^emofU«preSen,,nven..on,metreatedce.u,ostellbe« 
accor^gto me process of the preiantinvention are fomied intoa fibrous maMxfor 
incorporatlbn into an absorbent structure. A fibrous matrbc may take m. fom, on for 
example, a liatt df con,n«nuted«ood pulp (Mf, a tissue layer, a hydroentangled pJp 

Sheet oramechar^can, so,.««d pu».sheet An exemplary ^^""^Z 
gener^descrtbed in oopendin, US Patentappr^on. Senal Number eO«08.994. 

Which tefaience Is incorporated herein In its entirety by reference. 

Aflbn»»matrtxusefullnm.pr.sentinvantenma,be fenced by en a,r.lay,ng^ 

or a we.«i process, by .ssenHaily any other process known to mose stalled 

In the art'for forming a fibrous matrix. ^ - 

in^embodmentof theprosentlnvenaon, a Cposeble absorbed P-odudts 

pre,rded.w.«.disposalMeBb,c,1«ntproductcon*dsesail<,u,d.pe^^^^^ 
backsheeta«achedtoth.llquld^»rmeabl..opshe.t. and an ebsorbenlstn^ 
posltionedbetweenthe»quidi«nneabietopshee.andmeb.cksheetv^ere,nme 

ebso^en, -n-cure compdse, tre^d ce.ulo.0 «bere prepared using me process of me 

preser^ invention.' . ^-.^ 

Exemplanr disposable absorbent products are generally descnbed .n 
US.A-4.710.187; US.A^.762.521; US.A^.770.656: and US.A^.798.603; wtuch 
references are Incorporated herein by reference. u * ^ 

?hose sknied in me art w,i recogni» materials sUtable for use as me *,pshee, and 
backsheet Exempiery „, mate,«s ««.l. for use a. me topshee. are 
matertals such as spunbonded polyprapylene or polyemylen. havng a b.s,s we-ght of 
rm^l,5toa.«u.2Sgremsper«^ meter. Exemp-aryo, materials su^*. 
Tse as me backsheet are lMd.hnpe,vi«» m-«i.l.. such as po^Mefin es well as 
vapor-pewlous materials, such as micropomus pdyotofln Iftns. 
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Absorbent products and structures atftording to all aspects of the present invention 
are generally subjected, during use. to multiple insults of a body liquid. Accordingly, the 
absorbent products and structur s are desirably capable of absorbing multiple insults of 
body liquids In quantities to which the absorbent products and structures will be exposed 
during use. lb» insults are generally separated from one another by a period of time. 

One Bquld transport property desired of the absorbent structure of th present 
invention Is that the absoitent structure eixhibits a Vertical Uquid Flux rate, at a height of 
about 15 centimeters, suitably of at least about 0.002 grams of liquid per minute per 
gram per square meter of absorbent structure (gsm) per inch of cross-sectional width of 
the absorbent structure (g/(mln*gsm*inch). more suitably of at least about ^ 
0.0025 g/(mln*gsm*lnch), most suitably of at least about 0.003 g/(mlfi*gsrn*indT)^ and up 
to about 0.1 g/(min*gsm*inch). As used herein, the Vertical Uquld Flux rate value of an 
absorbentstructure Is meant to represent the amount of liquid transported across a 
boundary a specified vertical distance away from a centralized liquid Insutt location per 
minute per nomiallzed quantity of the absorbent structure. The Vertical Uquld Flux rate, 
at a height of about 15 centimeters, of an absorbent structure may be measured 
according to the test method described herein. 

Another liquid transport property desired of the absorbent structure of the present 
invention is that the absorbent stmcture exhibits a Vertical Liquid Flux rate, at a height of 
about 5 centimeters, suitably of at least about 0.01 g.'{m!n*8S.m'!.nch). mora suitably of at 
least about 0.015g/(min*gsm*lnch). most suitably of at least about 
0.02 g/(mln*gsm*inch). and up to about 0.5 g/(min*gsm*inch). The Vertical Uquid Rux 
rate, at a height of about 5 centimeters, of an absorbent staicture may be measured 
according to the test method described herein. 

Another liquid transport property desired of the absorbent structure of the present 
invention is that the absortwnt stmcture exhibits a WicWng Timfe value of a liquid to an 
elevation of 15 centimeters pf suitably less than about 3.5 minutes, more suitably less 
than about 3 minutes, and most suitably less than about Z5 minutes. As used herein, 
the Wicking Time value of an absorbent structure is meant to represent the time needed 
to transport a liquid a specified vertical distance away from a centralized liquid insult 
location. The Wicking Time value of a liquid to an elevation of 15 centimeters for an 
absorbent structure may be measured according to the test method described herein. 

The absorbent staicture of the present invention should have a density such that 
the absorbent structure exhibits the desired liquid transport properties described herein. 
The density of an absortaent stmcture g nerally detemiines the porosity, penneability. 
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su* mal«» cap««l« pr^vld. a «.atlv.l, Hgh capiUa^ tension force bu. becau« »( ^ 

!::cl»l9en.,a.,cn.y«nspon™«.e,s.a«amo.n.son,,u«.o«,a.«,,«^^ 
Mdfluxni..offt.absorbentsmK*.«»-.berebt«e.,lowa..forexampteea* 

abou. 5 c«,1im««a and of about 15 cantin^ters of height f«>n, a source of ,U,uK,^ 

ConvarsaV. .f the densH, of the *.so*en. stmdure is too low, .he penneab,,^ o 
*,ab»,b«,t.tn,c»,™v«1.ba««>v.VH9h. How«er;m.=api»a.eso,maa 

s^u^urawi. genera^ be ».a«ve„ ^. such.ha.me capiiiartes pn.v,da a rai^v^, low 

capKaty ^ («ca ««« «suHs In ma abso^en. s.mc«i« being gen^aUy nab, to 

ouLy «h.port II,.*. fc ..lati^ly hlflli e.e««ons such as about 1 S cantmete« o 

JI^fL a scu« C llquid. Thu. «Kh an abso.bert ^t^Cuie n,ay exhl«. a «^veV 

^rv.*a<.Md«ux.a.eatah.gh.foc»«np,., ,1 ' 

al«of«*.idbu.me.,u,d«.lmovasK>wara„d,.awar.crs.opa,»gethar^^^^^^^ 

ma ,romofma,.c^lqul4 Thus. thaver^cailRMdm-xrateo, such anabs^-" 
suuc.u«wi.b.r..a«v-ylowa.,.or«<ample.abou.15can«me««<,.he,gh..roma 

source of liquid. ^rtu» of an absort>ent sttudure, ma 

Depending on the sraoiiny "■>"'— >•—•' — 
density o. m. ab.o,b«* s.nic««e .nay changi as a .quid antar. Irto me caplta.y 
l^reofmeabsoH-ntstruCure; Oene™«y.m.s.n,c^ra.stab*,of mea^so^ant 
s,.^ depend on such.acto»aam.aU*.i%,aamaasured>r«<an,pl.W 

Shape, cu.. srnnes.. or ^.inency. 

s Jiit, of me absort>.nt sm.c«ir. a. a «h^.. Sm^ctar- *-ig.. of m. .b.o*en. . 

s^e an. even mora ilKaV « ma absd*e.« ,m«.u,e Is und« a s«ss or 

^ e«n,p,e, when m. absorbed stn^t- . usad m a *.per .-..g J J^™"' 

Thus I. is des^abla mat me density of m. absonant sm.cU», doe. no. substan »«, 

Tge When the absod>ent sm.c.u« abs».» a « omeiy-se b«»n,a, wa. or » 

leras.«ssorpras.reand,orma.ma.bso.ban.smK.urasubs.an^a«y^ 

densiN after m. liquid or shess or pressure is .«nc»ed from me .b«.rt«n. .m,du«. 
rsli,«y of me dens«y o, an abso^. sm«.ura n«y ba quan«led>r exampta, W 
Z dmerla In dens«as exhlbUed by me absorbent sm»tu« v^en dme^n. loads, such 
ralo,loadsofaboutO.,5pou™.parsqua,aN^andabou,0.3pcu™.p«^ 
inch araappBedwrnaabsorbentstmch^a. Hm.di..««.»inmadans*es«h,b*adb, 



-12- 



the absorbent stmcture at the diff rent loiads is relatively small, the absorbent stnjcture 
may be considered to be structurally st&ble. Another method of characterizing the 
structure of an absorbent structure is by measuring the void volume of the absorbent 
structure/ 

Test Procedures 
Wet Curl 

The Wet Curt value for fibers was determined by using an instrument which rapidly, 
accurately, and automatically determines the quality of fibers, the instrument being 
available from OpTest Equipment Inc., Hawkesbury. Ontario, Canada, under the 
designation Fiber Qualtty Analyzer, OpTest Product Code DA93. 

A sample of dried cellulosic fibers was obtained.; The celtulosic fiber sample was 
poured into a 600 milliliter plastic sample beaker to be used in the Rber Quality Analyzer. 
The fiber sample in the beaker was diluted with tap water until the fiber concentraflon in 
the beaker was alraut 10 to about 25 fibers per second for evaluation by the Rber Quality 
Analyzer. 

An empty plastic sample beaker was filled with tap water and placed in the Fiber 
Quality Analyzer test chamber. The <System Check> button of the Fiber Quality 
Analyzer was then pushed. If the plastic sample beaker filled with tap water was properly 
placed In the test chamber, the ^OK^ button of the Fiber Quality Analyzer was then 
pushed. The Fiber Quality Analyzer then perfomis a self-test. If a warning was not 
displayed on the screen after the self-test, the machine was ready to test the fiber 
sample. 

The plastic sample beaker filled v^'th tap water was removed from the test chamber 
and replaced with the fiber sample beaker. The <Measure> button of the Fiber Quality 
Analyzer was then pushed. The <New Measurement> button of the Fiber Quality 
Analyzer was then pushed. An identification of the fiber sample was then typed into the 
Fiber Quality Analyzer, The <OK> button of the Rber Quality Analyzer was then pushed. 
The <Options> button of the Fiber Quality Analyzer was then pushed. The fiber count 
was set at 4,000. The parameters of scaling of a graph t<J be printed out may be set 
automatically or to desired values. The <Previous> button of the Fiber Quality Analyzer 
was then pushed. The <Start> button of the Fiber Quality Analyzer was tiien pushed. If 
the fiber sample beaker was property placed in the test chamber, tiie <0K> button of tiie 
Fiber Quality Analyzer was then pushed. The Fiber Quality Analyzer then began testing 
and displayed the fib rs passing through the flow cell. The Fiber Quality Analyzer also 
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.teplayed the flberfre<»iency passing throOihthe flowcell, wlnlch sho^ be about 10to 
about 25 fibers per second. If thef*>er-f«quencyls outside of this -^"S'- »»;S»P> 
button of the FU«r Quality Analyzer si,ould be push«i and m. fiber sample st»uid^ 
dlutedorha.. more «b«saddedt,b.n9..« fib r fre^ency within des,red ran^e^ if 

^ fiber fre,^ is sufficient the Fiber Quality Analyzer tests the fiber sample unb « 
I:!Led.countof4000fibe,.atwhi*.ln,e.heRberQu.HyAnal^au|o.a^^^^ 

Step, T^e<Results.but»onoflheFiberQuali.yAnalyzerwasmenpushed. TheFiber 
Qualiiy Analyzer caiculates the W« Curt ,-ue of the fiber »mpi.. which pnhts out b, 
pushing the <Done. button of the Fiber Quality Analyzer. 

Preoaration nf Wet-Laid H andsheet 

Tir iHch b, 17 inch stahda;^ handsheat having a basis we^ht o, about 200 grams 
per square meter wa. prepaid using a deseed fiber sample by using a 16 'nch by 
6,nlcas.bronzewrt^aidhandsheatfdnn^mold,avanablefromVo,mW^^^ 

A BrtSeh Dl^^grator mbcer. aval^Meftom Testing Machines, inc., was filled w,«, 
aboutZUters Of dlsb-Hedwateratroomtemperalure (about 23^) and .bout3r.3 grams 

Of me fiber sample. The counter on the Brttlsh Disln.e,ra.orwassa..oze» andJha 
cover was placed on the B«h Dlslntegra.*. ^ British Dislntagratorwastur^ on 
Zrdnter .ns to about ««..A«emaMy. «» ^-^-^ 

.he BntUh Disintegrator was then also ported into the bucket A. the l^.r«berwas 

also rinsed into the bucket .*u*«-^ 
The handsheet former, having an about 12 inch deep chamber, was Mad ^ 

^ „ about 5 inches below «e top ofth, handsheet former cham^^ 

me bucket were then p«.red,ntothehand.h.«fbm«rch.mber.Aded«ta^^^ 

waemen used to m«me suspenston m the handsheet fonnarchamb,^^ The s.«^ J 

„^ siowlyup and down 6 times to cause smaU vortex... but to avoKl «u«ng la^e 

ro,tex...^Ls<,ua,epat>en,o,mehandshee..baner. ^'»^;;^^^ 

and tha suspension was drained through the fonning screen o, me handsheet 

The handsheetlonnerwas men opened and two layersof blotting paper w«. plac«l on 

^.^of««h«^..tA™..er.hav,ng«,ee.uivalen.o,abou.Z3pc^«-pn^^ 

pemnearlnch. was moved back and fonh once on each of ^^'^^■^^^^ 
and me canter of me fanned handsheet The blot^ng paper, wnh me formed h^^^^h«^ 
atached. wa, men mad Of, me fomting screen. The bk,t«ng paper was men ^aced on a 
«bla mat me fomted handsheet faced upwarts. An 18 inch by 18 .nch, 4 mesh 
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stainless steel sere n was placed on top ef^the handsheet The blotting paper, 
handshe t. and screen were then flipped so that the saeen was on the bottom and the 
blotting paper was on top. The blotting paper was then pe led off of th handsheet, 
leaving the handsheet on the scr en. The edges of the handshe t were fastened to the 
screen using binder clips. The handsheet was left oy might to air-dry. The handsheet, 
attached to the sere n, was then placed in an oven and dried at about 105**C for about 
an hour The handsheet was then removed from the oven and removed from the screen. 
The handsheet was then ready for evaluation for liquid distribution properties. 

Bulk and Drv Densltv of an Absorbent Structure . 

From a handsheet prepared according to the procedure described herein, a strip of 
sample Haridsheet material, having a width of about 2 inches and a length of about 
1 5 inches, was obtained by using a textile saw available, for example from Eastman, 
Machine Corp., Buffalo, New Yort<. The sample strip was cut at least about 1 1nch away 
from the edge of the handsheet so as to avoid edge Effects. The sample strip was 
marked in about 10 millimeter intervals using water-soluble Ink. 

To measure the bulk of the sample strip, a bulk meter accurate to at least about 
0.01 millimeter, such as a bulk meter available from Mitutoyo Corporation, was.used. An 
about one inch diameter platen was used to measure tiie buik,^ with the platen b^ng 
parailei to the base of ihe bulk mstsr. The bulk of the sample strip was measured in 
about' 50 millimeter Inten/als along tiie length of the sample strip and then averaged. The 
average bulk of the sample strip was then used to calculate Ihe dry density of the sample 
strip, using the virelght and dimensions of the sample strip. The wet density of the 
sample strip may be similarly determined after the sample strip has evaluated for Liquid 
Rux values; 

Wicklna Time and Vertical Liquid Flux of an Absorij ent Structure 

From a handsheet prepared according to the procedure described herein, a strip of 
sample handsheet material, having a width of about 2 inches and a length of about 
15 inches, was obtained by using a textile saw available, for example from Eastman, 
Machine Corp.. Buffalo, New Yoric. The sample strip was cut at least about 1 Inch away 
from the edge of the handsheet so as to avoid edge effects. 

The apparatus used for holding a sample material while measuring the Wicking 
Time and Vertical Liquid Rux values for the sample material consists of male and female 
halves. Th apparatus had a length of about 21 inches and consists of glued Plexiglas. 
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Small nails are placed in the male bar aboUf pne inch apart. The female half has holes 
drilled to accommodate the nails. A 4 mesh nylon screen was stretched onto the nails. 
The screen was about one inch shorter than the sample holder at both ends. Reinforcing 
plates stiffened the bar, preventing the bar from buckling under the tension from the 
nylon screen. Short, flat, perpendicular bars act as springs to stretch the nylon screen 
and to k ep th sample in place. 

The sample strip was placed on the nylon screen, with the bottom end of the 
sample strip placed lower than the bottom edge of the sample holder such that when the 
sample strip is positioned on the top of the liquid distribution manifold at the beginning of 
the experiment, the bottom of the sample strip will just touch the liquid surface, A second 
4 mesh nylon screen was stretched and placed on top of the sample strip. Two steel 
pins were driven through the sample strip at each of 5, 10, 15. and 30 centimeters from 
the bottom of the sample strip to prevent the movement of the sample strip under the 
weight of absorbed liquid. The female half of the sample holder was fitted onto the male 
half. Binder dips were used to keep the assembled holder together. 

During the evaluation, the sample strip and the sample holder were contained in a 
Plexiglas tubular enclosure having an inner diameter of about 7.25 inches and a height of 
about 24 inches. There is a slit (about 0.25 inch by about 3 inches) in the bottom of the 
tubular enclosure large enough to allow the tube from the aspirator bottle to the liquid 
distribution manifold to go through. The tubular enclosure was covered with a flat piece 
of Plexiglas. Distilled water was sprayed on the walls of the tubular enclosure before the 
experiment to raise the relative humidity inside the tubular enclosure so as to reduce the 
evaporation of water from the sample strip during the evaluation. The relative humidity 
should be maintained at about 90 to about 98 relative humidity during the evaluation. 
The liquid distribution manifold and the tubular enclosure rpst on the top of a Plexiglas 
plate resting on two lab jacks used for adjustability, stability, and maintaining level. 

The aspirator bottle was filled with a 0.9 weight percent sodium chloride aqueous 
solution. The solution in the aspirator bottle was in equilibrium with the upper edge of the 
slit in the bottom of the tubular enclosure. The scale was tared. The sample holder was 
placed on the top of the liquid distribution manifold. A stopwatch was started as soon as 
the bottom edge of the sample strip touched the surface of the solution. The cover was 
placed on the top of the tubular enclosure. 

The vertical distance of the liquid front traveling up the sample strip and the liquid 
weight absorbed by the sample strip at various times was recorded. The time versus 
liquid front height was plotted to determine the Wicking Time at about 5 centimeters and 
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at about 15 centimeters. The weight of thelfquid absorbed by the sample strip from the 
beginning of th evaluation to about 5 centimeters and to about 15 centimeters height 
was also determined from the data. The Vertical Uquid Flux value of the sample strip at 
a particular height was calculated by dividing the grams of Jic|uid absori:)ed by the sample 
strip by ach ofr the basis weight, in grams per square meter, of the sample strip; the 
time, in minutes, needed by the liquid to reach the parflcular height; and the width, in 
inches, of the sample strip. 

EXAMPLES 

Example 1 . 

A cellulosic fiber sample was prepared by dewaterfrig, In a laboratory centrifuge, a 
never dried southern softwood kraft pulp (available from Klmberiy-Clari< Corporation 
under the designation CR54 southern softwood Icraft pulp) to fomn a mbcture having a 
consistency of about 25 weight percent cellulosic fibers. Additional samples having 
consistencies of about 50 and about 75 weight percent cellulosic fibers were prepared by 
heating the 25 weight percent mbcture at a temperature of about 50^. Samples of about 
200 grams, based on a dry basis of cellulosic fibers, were added to a laboratory steam 
explosion reactor, available from Stake Tech Ltd,, Canada. The reactor had a capacity 
of 2 liters. After closing the top valve, steam at a specific temperature was Injected into 
the reactor. The pulp fibers were directiy coniacied wi th the steam for a period of Sme. 
The cellulosic fibens were then explosively decompressed and discharged to a container 
by opening the bottom valve. The steam-exploded fibers were collected for evaluation. 

The results of these evaluafipns are summarized In Table 1, which lists the 
consistency of the cellulose fiber pulps used; the temperatures used; the amount of time 
the cellulosic fitter sample was retained in the pressure vessel; and the Curi index values 
for the samples. The cellulosic fiber samples were then fpnmed into handsheets 
according to procedure described herein and the formed handsheets were evaluated for 
density and Vertical Liquid Flux values. 

Those skilled in the art will recognize that the present invention is capable of many 
modifications and variations vsathout departing from the scope thereof. Accordingly, the 
detailed description and examples set forth above are meant to be illustrative only and 
are not intended to limit, In any manner, the scope of the invention as set forth In the 
appended claims. 
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Ta6le 1 



L 1 



6^ 



Temp rature 


Consistency 


Time 


Wet 


Density 


Vertical Uquid 


(•C) 


(%) 


(minutes) 


Curi 
Index 


(g/cc) 


Flux 
(s/min/asm/inch) 


*None 






0.15 


0.203 




160 


25 


2 


0.236 


0.219 


0 nom 


160 


25 


4 


0.224 


0.211 


0 0019 


160 


25 


6 


0.251 


0.211 


0.0018 


160 


. 50 


2 


0.250 


0.200 


0.0022 


160 


50 


4 


0.242 


0.199 


0.0021 


160 


50 


6 


0.23iB 


0.200 


0.0021 


160 


75 


2 


0.250 


01181 


0.0024 


160 


75 


4 


0.267 


0.189 


0.0024 


160 


75 


6 


0.256 


0.184 


0.0022 


180 


25 


2 


0.265 


0.214 


0.0019 


180 


25 


4 


0.236 


0.214 


0 0020 


180 


25 


6 


0.269 


0.199 


0 0024 


180 


50 


2 


0.270 


0.192 


0.0024 


180 


50 


4 


0.298 


0.192 


0.0023 


180 


50 


6 


0.298 


0.195 


0.0026 


180 


75 


2 


0.273 


0.182 


0.0026 


180 


75 


4 


0.294 


0.181 


0.0026 


180 


75 


6 


0.295 


0.180 


0.0027 


200 


25 


2 


0.231 


0.206 


0.0020 


200 


25 


4 


0.29 


0.206 


0.0021 


200 


25 


6 


0.282 


0.202 


0.0020 


200 


50 


2 


0.294 


0.193 


0.0021 


200 


50 


4 


0.298 


0.199 


0.0020 


200 


50 


6 


0.298 


0.199 


0.0021 


200 


75 


2 


0.315 


0.168 


0.0026 


200 


75 


4 


0.31 


0.182 


0.0026 


200 


75 


6 


0.324 


0.174 


0.0025 



*Not an example of the present invention 
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What is claimed is: 

1. A process for the treatment of cellulosic fibers, the process comprising steam cooking 
cellulosic fibers in direct contact with saturated steam at a superatmospheric pressure 
and a temperature within the range of about 130°C to about 250''C. and then 
subjecting the individualized cellulosic fibers to explosive decompression to give 
modified cellulosic fibers that exhibit a Wet Curl value that is greater than about 0.2. 

2. The process of Claim 1 wherein the cellulosic fibers are from a wood source. 

3. The process of Claim 1 wherein the cellulosic fibers are low yield cellulosic fibers. 

4. The process of Claim 1 wherein the cellulosic fibers are in the form of individual 
cellulosic fibers. 

5. The process of Claim 1 wherein the cellulosic fibers are treated at a temperature that 
is between about 150^C to about 225**C. 

6. The process of Claim 5 wherein the cellulosic fibers are treated at a temperature that 
is between about 160^ to about 225*C. 

7. The process of Claim 6 wherein the cellulosic fibers are treated at a temperature that 
is between about 160**C to about 200X. 

8. The process of Claim 1 wherein the cellulosic fibers are treated for an amount of time 
that is between about 0.1 minute to about 30 minutes. 

9. The process of Claim 1 wherein the cellulosic fibers are treated in the form of a pulp 
having a consistency between about 20 to about 80 weight percent of the cellulosic 
fibers, based on total weight of the pulp. 

10. The process of Claim 1 wherein the cellulosic fibers are treated at a pressure of 
between about 40 to about 405 pounds per square inch. 

11. The process of Claim 1 wherein the saturated steam is substantially free of air. 

12. The process of Claim 1 wherein the cellulosic fibers exhibit a Wet Curt value that is 
between about 0.2 to about 0.4. 
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13. The process of Claim 12 wherein the CeJIulosic fibers xhibit a Wet Curl value that is 
between about 0.22 to about 0.33.' . 

14. A modified cellulosic fiber that is prepared by a process comprising steam cooldng 
cellutosic fibera in direct contact witfi saturated steam at a superatmospheric pressure 
and a temperature within the range of about 130»C to about 250»C, and then 
subjecting the cellulosic fibers to explosive decompression to give modified cellulosic 
fibers that exhibit a fcurl Index value that is greater than about 0.2. 

15. The modified cellulosic fiber of Claim 14 wherein the cellulosic fiber Is frorn a wood 
source. 

16. The modified cellulosic fiber of Claim 14 wherein the cellulosic fibers are low yield 
cellutosic fibers. 

17. The modified cellulosic fiber of Claim 14 wherein the cellulosib fibers are in the form 
of individual cellulosic fibers. 

18. The modified cellulosic fiber of Claim 14 wherein the cellulosic fibers are treated at a 
temperature that is between about 150»C to about 225«C 

■ 19. The modified cellulosic fiber of Claim 18 wherein the cellulosic fibers are treated at a 
temperature that is between about 160»e xo about 225"C. 

20. The modified ceHulosic fiber of Claim 19 wherein the cellulosic fibers ar« treated at a 
temperature that is between about 160»C to about 200«»C. 

21. The modified cellulosic fiber of Claim 14 wherein the cellulosic fibers.are treated for 
* an amount of time that Is between about 0.1 minute to about 30 minutes. 

22. The modified cellulosic fiber of Claim 14 wherein the cellulosic fibers are treated In 
the forni of a pulp having a consistency between about 20 to about 80 weight percent 
of the cellulosic fibers, based on total weight of the pulp. 

23. The modified cellutosic fiber of Claim 14 wherein the cellulosic fibers are treated at a 
pressure of between about 40 to about 405 pounds per square Inch. 

24. The modified cellulosic fiber of Claim 14 wherein the modified cellulosic fiber exhibits 
a Wet Curl value that is between about 0.2 to about 0.4. 
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25. The modified cellulosic fiber of Claim «6 wherein the modified cellulosic fiber exhibits 
a W t Curt value that is between about 0.22 to about 0.33. 

26. An absorbent structure comprising wettable celiulosle fibers, wherein the absorbent 
stmcture exhibits a Vertical Liquid Flux rate value at a height of about 15 centimet rs 
of at least about 0.002 grams of liquid per minute per gram per square meter of ' 
absorbent staicture per Inch of cross-sectional viddth of the absorbent stmcture. 
wherein the wettable cellulosic fibers are prepared accoitling to the process of Claim 
1. 

27. An absorbent structure comprising wettable cellulosic fibers, wherein the absorbent 
stmcture exhibits a Vertical Uquld Flux rate value at a height of about 15 centimeters 
of at least about 0.002 grams of liquid per minute per gram per square meter of 
absort)eht stmcture per Inch of cross-sectional width of the absorbent stmcture. 
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